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doi:10.1Objective: The purpose of this study is to assess perceived health status and quality of life in adults with con-
genitally corrected transposition of the great arteries who have not undergone anatomic repair.
Methods: Quality of life as measured by the satisfaction with life scale and linear analog scales and perceived
health status as measured by the Short Form 36 Health Survey (version 1) were evaluated in 25 adults with con-
genitally corrected transposition and compared with a control group of 25 adults with mild, hemodynamically
insignificant defects.
Results: Instruments were returned by 83% of patients (25/30; 11 male; mean age, 44.6 16 years). Health sta-
tus by the linear analog scale was significantly lower (P ¼ .03) in subjects (median, 80; range, 15–100) than in
controls (median, 85; range, 65–100). Quality of life by the satisfaction with life scale was also lower (P¼ .009)
in subjects (mean, 24 8) compared with controls. Agewas negatively correlated with the Short Form 36 Health
Survey physical functioning (r ¼0.41, P ¼ .04), bodily pain (r ¼0.5, P ¼ .01), and physical component
(r ¼0.56, P ¼ .004) summary scores in adults with congenitally corrected transposition but not in controls.
Conclusions:Adults with congenitally corrected transposition have lower reported health status and satisfaction
with life than a control population, with perceived health status declining with advancing age. (J Thorac Cardi-
ovasc Surg 2012;143:885-90)C
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DCongenitally corrected transposition of the great arteries
(CCTGA) is a rare congenital heart defect characterized
by atrioventricular and ventriculo-arterial discordance.
The presentation and natural history can be extremely
variable and are dependent on the presence or absence
of coexisting lesions, including ventricular septal defect,
pulmonary stenosis, and tricuspid valve function. Heart
block is also a common complication, increasing in fre-
quency with advancing age. The development of conges-
tive heart failure is common, occurring with increasing
frequency as patients reach their fourth and fifth decades
of life.1 The historical approach to care of these patients
has depended on the existence of coexisting lesions. In pa-
tients with isolated CCTGA, conservative management
has been favored. In patients with ventricular septal de-
fects and left ventricular outflow tract obstruction, ventric-
ular septal defect closure and relief of left ventricular
outflow tract obstruction have been performed. In the cur-
rent surgical era, many centers favor anatomic repairs, es-
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The Journal of Thoracic and Cathe right ventricle as the subpulmonary ventricle. In pa-
tients without severe pulmonary stenosis or pulmonary
atresia, a double switch procedure is performed, whereas
patients with pulmonary outflow tract obstruction undergo
a Senning–Rastelli procedure, in which a conduit is placed
between the right ventricle and the pulmonary arteries.
Quality of life (QOL) and perceived health status in adults
with CCTGA have not been studied specifically. Under-
standing the long-term functional status and QOL of
adults with CCTGA is important for identifying the opti-
mal treatment strategies for current patients and the opti-
mal therapeutic approach for infants and children with
congenitally corrected transposition. Demonstration of
poor functional status and QOL in adults undergoing his-
torical approaches to management might help to justify
the short-term morbidity and mortality associated with an-
atomic repairs. We hypothesized that perceived health
status and QOL would be lower in patients with congen-
itally corrected transpositions compared with a control
population, and that there would be an age-dependent de-
crease in health status and patient-reported QOL.MATERIALS AND METHODS
Clinical databases of the pediatric cardiology and adult congenital heart
programs were searched for patients with congenitally corrected transposi-
tion physiology. Patients with {S, L, L} and {I, D, D} anatomy were in-
cluded. Patients who had undergone single-ventricle palliations were
excluded. A study packet involving a questionnaire of basic demographic
items and a series of survey instruments assessing perceived health status
and patient-reported QOL was sent to patients. A control group consisting
of asymptomatic (New York Heart Association class I) adults with simple
congenital heart disease (repaired ventricular septal defects, atrial septalrdiovascular Surgery c Volume 143, Number 4 885
FIGURE 1. The LAS for QOL. Subjects were asked to identify their per-
ceived QOL on a scale from 0 to 100.
Abbreviations and Acronyms
CCTGA¼ congenitally corrected transposition of
the great arteries
LAS ¼ linear analog scale
QOL ¼ quality of life
SF-36 ¼ Short Form 36 Health Survey
SWLS ¼ satisfaction with life scale
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Ddefects, and small, unrepaired ventricular septal defect) also was recruited.
For the purposes of this study, perceived health status was differentiated
from QOL measures. QOL was defined per previous studies as ‘‘sense of
overall life satisfaction that is positively or negatively influenced by an in-
dividual’s perception of certain aspects of life that are important to them,
including matters both related and unrelated to health.’’2,3 Health status
was measured using the Short Form 36 Health Survey (SF-36), version
1, and a linear analog scale (LAS). QOL was measured using the
satisfaction with life scale (SWLS) and a LAS. Approval was obtained
from the institutional review board, and informed consent required for
participation.
Variables and Measurement
Short Form 36 Health Survey. The SF-36 is an extensively used
and well-validated instrument using 36 questions to assess perceived health
status across both physical and emotional domains.4-6 The physical
components include physical function, role physical, bodily pain, and
general health. These scores form the basis for the physical component
summary score. The physical function and role physical subscales assess
an individual’s perception of his/her ability to perform physical activities
and to work and perform activities, respectively. The bodily pain
subscale assesses any limitations based on pain, whereas the general
health subscale is an overall assessment of one’s health status. The
mental components include vitality, social function, role emotional, and
mental health. These scores form the basis for the mental component
summary score. The vitality subscale addresses the overall energy level
of a subject, and the social function subscale addresses the degree of
limitation in activities due to physical and emotional problems. The role
emotional subscale assesses problems with work and daily activities as
a result of emotional problems, and the mental health subscale serves as
a general screen for psychiatric issues (particularly anxiety and
depression). The SF-36 instrument was selected because SF-36 data can
be normalized to a scale such that 50 is a normal score allowing for com-
parison of both the study and control populations with established normal
values.
Linear analog scale. Both perceived health status and QOL were
measured using a LAS, which is a vertically oriented line 10 cm in length
with gradients marked and labeled at each centimeter (Figure 1).
For health status, respondents were asked to indicate their health state
from 0 to 100, with best possible health state being 100 and worse pos-
sible health state being 0. Likewise, for QOL, on a separate scale, respon-
dents were asked to indicate their QOL from 0 to 100. The LAS is
a relatively simple measure that has been found to have good validity
and reliability.7,8
Satisfaction with life scale. The SWLS alsowas used as ameasure
of QOL. The SWLS is a 5-question survey asking respondents to agree or
disagree with statements regarding their satisfaction with their life situa-
tion.9 A 7-point scoring scale is used, ranging from strong disagreement
with the statement scoring 0 points to strong disagreement with the state-
ment scoring 7 points. This gives a maximal score of 35 and a minimal
score of 0. A score of 30 to 35 indicates an individual very highly satisfied886 The Journal of Thoracic and Cardiovascular Surgery c April 2012
TABLE 1. Baseline demographics for patients with congenitally
corrected transposition of the great arteries and controls
Characteristic
CCTGA group
(n ¼ 25)
Control group
(n ¼ 25) P value
Sex
Male 11 (44%) 11 (44%) 1
Age (mean  SD) 42.6  15.6 39.7  14.5 .5
Marital status .14*
Married 13 (52%) 19 (76%)
Single 8 (32%) 5 (20%)
Divorced 3 (12%) 0
Widowed 1 (4%) 1 (4%)
Level of education
College graduate
or beyond
14 (56%) 13 (52%) .78
Employment status .57y
Employed 13 16
Out of work 2 0
Homemaker 3 3
Student 1 3
Retired 4 2
Unable to work 2 1
Previous cardiac surgery 14 (56%) 8 (32%) .15
Pacemaker 7 (28%) 0 .01
P values of<.05 are shown in bold. SD, Standard deviation. *Because of small sam-
ple size, marital status was dichotomized to married/not married for purposes of com-
parison between subjects and controls. yEmployment status was dichotomized to
employed/not employed for purposes of comparison.
TABLE 2. Baseline characteristics of patients with congenitally
corrected transposition of the great arteries
Underlying diagnosis
Isolated CCTGA 13 (52%)
CCTGA, VSD, PS (repaired VSD) 9 (36%)
CCTGA, VSD, PS (open VSD) 2 (8%)
CCTGA, repaired VSD (no PS) 1 (4%)
NYHA class
I 11(44%)
II 9 (36%)
III 3 (12%)
IV 0
Unable to determine 2 (8%)
Right ventricular function
Normal or mildly depressed 15 (60%)
Moderately depressed or greater 10 (40%)
Tricuspid insufficiency
None or mild 14 (56%)
Moderate or greater 7 (28%)
Previous tricuspid valve replacement 4 (16%)
CCTGA, Congenitally corrected transposition of the great arteries; NYHA, New York
Heart Association; PS, pulmonary stenosis; VSD, ventricular septal defect.
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Dwith life, a score of 20 to 24 is considered an average score, and scores of 15
to 19, 10 to 14, and 5 to 9 are consistent with individuals who are slightly
dissatisfied, dissatisfied, and extremely dissatisfied with their lives, respec-
tively. The SWLS has been studied and validated in a variety of disease and
non-disease states. The highest reported score was for male French-
Canadian adults (mean, 27.9  5.7), and the lowest reported score was
for inpatients at a veterans affairs hospital (mean, 11.8  5.6).10 The
SWLS has been shown to have good correlation with the LAS for QOL.3
Statistical Analysis
Statistical analysis was performed using GraphPad Prism version 5.01
for Windows (GraphPad Software, San Diego, Calif). Normally distributed
data were reported as means  standard deviation, and non-normally data
were repeated as medians (range). Categoric data were analyzed using the
Fisher exact test. Normally distributed continuous data were analyzed us-
ing t tests, and non-normally distributed continuous data were analyzed us-
ing theMann–Whitney test. In our relatively small group, among the SF-36
data, data from some subscales were normally distributed and others were
not. For consistency, all data from the SF-36 were therefore analyzed with
the Mann–Whitney test. Correlation analysis was performed using Pear-
son’s correlation for normally distributed data and Spearman’s correlation
for non-normally distributed data.RESULTS
Of 30 questionnaires sent to patients with CCTGA, 25
were returned, for a response rate of 83%. Baseline data
for patients with CCTGA and controls are shown in Table
1. The mean age for subjects with CCTGA was 42.6 
16 years compared with 39.7  14 years for controls
(P ¼ .5), with 11 of 25 men in both groups. There wereThe Journal of Thoracic and Cano differences in marital status, employment status, and
level of schooling between patients and controls. More pa-
tients with CCTGA than controls had undergone previous
cardiac surgery (14/25 vs 8/25, P ¼ .15) and pacemaker
placement (7/25 vs 0/25, P ¼ .01). Of the control patients,
14 of 25 had ventricular septal defects, and 11 of 25 had
atrial septal defects. Of the 14 patients with ventricular sep-
tal defects, 4 had undergone surgical repair of significant
defects, whereas 10 had small, hemodynamically insignifi-
cant defects. Of the 11 patients with atrial septal defects, 7
had undergone device closure, and 4 had undergone surgical
closure. Cardiac status of patients with CCTGA is shown in
Table 2. A variety of anatomic variants of CCTGA were
present, including isolated CCTGA in 13 patients, CCTGA
with repaired ventricular septal defect and pulmonary ste-
nosis in 10 patients, CCTGA with pulmonary stenosis
with open ventricular septal defect in 2 patients, and
CCTGAwith no pulmonary stenosis and repaired ventricu-
lar septal defect in 1 patient. The majority (80%) of patients
with CCTGA reported New York Heart Association class I
or II symptoms. Right ventricular function was normal or
mildly diminished in 60% of patients. In terms of tricuspid
insufficiency, 4 patients (16%) had undergone tricuspid
valve replacement at the time of the survey, 14 patients
(56%) had no or mild tricuspid insufficiency, and 7 patients
(28%) had moderate or greater tricuspid insufficiency.Perceived Health Status
Perceived health status and quality of life survey data are
summarized in Table 3. No difference in perceived health
status as measured by physical component and mental com-
ponent summary scores of the SF-36 was seen betweenrdiovascular Surgery c Volume 143, Number 4 887
TABLE 3. Summary of results of measures for perceived health status
and quality of life
Instrument/demographic
Controls
(n ¼ 25)
CCTGA patients
(n ¼ 25) P value
Age (mean, SD) 39.7 42.6 .5
Sex (% male) 44% 44% 1.0
SF-36
Physical functioning 55 (32–57) 52.9 (15–57) .06
Role-physical 56 (35–56) 56 (28–56) .19
Bodily pain 56 (29–63) 56 (42–63) .69
General health 53 (28–64) 49 (44–60) .08
Vitality 56 (44–63) 51 (23–61) .22
Social function 57 (30–57) 52 (25–57) .22
Role-emotional 55 (34–55) 55 (24–55) .015
Mental health 55 (30–60) 50 (16–60) .14
Physical component
summary
55 (26–61) 53 (30–62) .56
Mental component
summary
55 (27–68) 54 (21–61) .13
LAS*
QOL 90 (68–100) 82 (20–100) .08
Health status 85 (65–100) 80 (15–100) .03
SWLS 29  4 24  8 .009
P values of<.05 are shown in bold. Data are reported as median (range). LAS, Linear
analog scale; SD, standard deviation; SF-36, Short Form 36 Health Survey; SWLS,
satisfaction with life scale; QOL, quality of life. *N ¼ 24 for LAS data.
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Dpatients with CCTGA and controls. Overall assessment of
one’s health status as measured by the general health sub-
scale was higher in the control group (median score, 53;
range, 28–64) compared with the CCTGA group (median
score, 49; range, 44–60), although this difference did not
achieve statistical significance (P ¼ .08). As measured by
the LAS, perceived health status was higher in the control
group (median score, 85; range, 65–100) compared with
the CCTGA group (median score, 80; range, 15–100)
(P ¼ .03).Quality of Life
Patient-reported QOL as measured by the SWLS was
higher in the control group (mean  standard deviation,
29  4) compared with patients with CCTGA (24  8,
P ¼ .009). The median SWLS score of 29 in the control
group is consistent with slightly above average QOL,
whereas the median SWLS of 24 in the CCTGA is con-
sistent with normal QOL. QOL as measured by the
LAS was higher in controls (median, 90; range, 68–
100) than in individuals with CCTGA (median, 82; range,
20–100), although this difference did not reach statistical
significance (P ¼ .08).Impact of Age on Health Status and Quality of Life
In the control group, there was no correlation between
age and measures of physical health status or QOL. There
was a weak positive correlation between age and mental888 The Journal of Thoracic and Cardiovascular Surgcomponent summary score (r¼0.4, P¼ .04). For patients
with CCTGA, age was negatively correlated with the phys-
ical function subscale score (r ¼ 0.4, P ¼ .04), bodily
pain subscale score (r ¼0.5, P ¼ .01), and physical com-
ponent summary score of the SF-36 (r ¼0.6, P ¼ .004).
There was no correlation with age for patients with
CCTGA or controls for the SWLS and LAS for health sta-
tus and QOL.
DISCUSSION
This is the first study to specifically investigate patient-
reported health status and QOL in adults with CCTGA,
demonstrating lower QOL and perceived health status by
some measures in patients with CCTGA compared with
a control group of patients with simple congenital heart dis-
ease. Although the majority of QOL studies report per-
ceived health status or QOL for specific lesions compared
with published normal values, this study involved the use
of a control group with relatively simple repaired or hemo-
dynamically insignificant congenital heart disease. Al-
though some previous studies have shown lower perceived
health status in patients with congenital heart disease,
others have shown normal health status and QOL.11-15
There is some evidence that patients with congenital heart
disease may have a higher than normal QOL and
perceived health status.16 We sought to control for this issue
by selecting a control group with relatively mild congenital
heart disease, including patients with repaired atrial septal
defect (both surgically and percutaneously), repaired ven-
tricular septal defect, and small hemodynamically insignif-
icant ventricular septal defects. The assumption was made
that these lesions would not negatively affect measures of
QOL and perceived health status. This did appear to be
the case, because the SF-36 scores, LAS scores, and
SWLS scores were consistently at or above reported values,
the patient group values were consistently near or below re-
ported normal values, and the control group values were
consistently somewhat higher than normal values. This re-
sulted in somemeasures of QOL and perceived health status
being significantly lower in the CCTGA group than in the
control group. The reason for the lower range of role emo-
tional scores in the CCTGA group is unclear, because pre-
vious studies in adults with heart failure due to acquired
heart disease have demonstrated that 81% of patients
with heart failure have normal role emotional scores.17
Although the SF-36 can be faulted for being a generic in-
strument and not specific to congenital heart disease, an ad-
vantage is the ability to normalize the score and easily
understand the relationship of scores for both the CCTGA
and control group with normal values. There are limited
data for congenital heart disease-specific instruments.18 Be-
cause congenital heart defects often involve long-term com-
plications in addition to congestive heart failure, use of
heart failure-specific instruments, such as the Minnesotaery c April 2012
Cotts et al Congenital Heart DiseaseLiving with Heart Failure Questionnaire, does not seem
appropriate.19
The physiologic state of patients with CCTGA is compa-
rable to that of patients with D-transposition of the great ar-
teries after atrial switch procedures, in that both have
a systemic right ventricle and a subpulmonary left ventricle.
There are differences in the natural history, with atrial ar-
rhythmias as a hallmark of the atrial switch, as well as other
surgical issues, such as the potential for baffle leaks or ste-
nosis. QOL and perceived health status measures for
CCTGA as determined by the SWLS and LASwere compa-
rable to values previously reported for patients with dextro-
transposition of the great arteries after atrial switch repairs.2DImpact of Advancing Age
We demonstrated a modest negative correlation of some
measures of QOL and health status with increasing age.
This is not surprising because these patients have been
known to dowell the third or fourth decade of lifewhen con-
gestive heart failure develops in many.1 The potential for
worsening QOL and health status with age is important in
counseling patients as to the optimal treatment strategy for
younger patients with congenitally corrected transposition.C
HImplications
The ultimate question is whether anatomic repairs convey
long-term benefits in terms of survival, functional status,
and QOL, which outweigh the early morbidity andmortality
associatedwith these repairs. This studywas not specifically
designed to answer this question, but rather to determine the
overall functional status and QOL of this patient population.
In someways, the study can be interpreted in a positive fash-
ion, because perceived health status and QOL in patients
with CCTGAwere relatively goodwhen comparedwith nor-
mal published values for the various measures. On the other
hand, the decline in somemeasures of QOL and health status
with advancing age is of concern, as is the fact that QOL
measures are lower when controlling for a possible con-
founder of elevated perception of health status and QOL
as a result of a congenital cardiac diagnosis. A study com-
paring QOL and school performance in children after the
double-switch and Senning–Rastelli procedures demon-
strated similar QOL parameters but lower school perfor-
mance in children undergoing anatomic repairs for
congenitally corrected transposition compared with those
undergoing non-anatomic repairs.20 In addition, the need
for follow-up surgical procedures, with their associated
morbidity and mortality, is not uncommon after anatomic
repairs.21 Moving forward, a contemporary, prospective
study of health status and QOL of patients undergoing ana-
tomic repairs compared with traditional therapeutic strate-
gies will be required as increasing numbers of patients
who have undergone anatomic repairs reach adulthood.The Journal of Thoracic and CaLimitations
Several limitations of this study merit discussion. First,
the relatively small sample size likely limited the ability
of the study to demonstrate differences with the control
group. The small sample size also makes it impossible to
determine if specific subtypes of CCTGA could be associ-
ated differences in QOL or health status measures. Also,
the cross-sectional study design raises the possibility of
a survival bias. For example, one could argue that only
patients with more favorable anatomic variants or right
ventricular/atrioventricular valve status survived to be
included in the analysis. This limits the applicability of
the results to decision-making for a young patient who
has not yet undergone any interventions. Finally, the study
used relatively generic measures as opposed to disease-
specific QOL and health status instruments. Disease- and
patient-specific QOL and health status measures are cur-
rently under development and should be considered in
future studies.CONCLUSIONS
Although perceived health status and patient-reported
QOL are generally good and consistent with normal values,
some measures of health status and QOL are lower in pa-
tients with CCTGA than in a control group of patients
with hemodynamically insignificant disease.References
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